Immunological characterisation of the cholinergic receptor protein from Electrophorus electricus  by Sugiyama, Hiroyuki et al.
Volume 35, number 1 FEBS LETTERS September 1973 
IMMUNOLOGICAL CHARACTERISATION OF THE CHOLINERGIC RECEPTOR PROTEIN 
FROM ELECTROPHORUS ELECTRICUS 
Hiroyuki SUGIYAMA, Philippe BENDA*, Jean-Claude MEUNIER and Jean-Pierre CHANGEUX 
Unite de Neurobiologie Mokhlaire Institut Pasteur, Paris 15e, France 
and 
* Laboratoire de Biologie Mol&ulaire Coll>ge de France, Paris 5e, France. 
Received 12 June 1973 
1. Introduction 
The recent developments of the studies on the cho- 
linergic receptor protein have raised two important 
questions. Affinity columns of different nature are 
used to purify the receptor protein from crude ex- 
tracts: some with cholinergic arms [ 1,2] , others with 
snake venom o-toxins coupled to Sepharose [3-S ] . 
Do they yield the same fmal product? Marked differ- 
ences have been noticed between the “real” affinity 
of the purified protein for cholinergic agonists and the 
“apparent” affinity of the excitable cell for the same 
agonists. One wonders, therefore, if the material se- 
lected by the affinity column is directly involved in 
the physiological response to acetylcholine? 
To answer these questions, the protein purified on 
a column with cholinergic arms was injected into rab- 
bits. We report here that the serum of an immunized 
rabbit blocks the response of the isolated electroplax 
to bath applied carbamylcholine. The same serum pre- 
cipitates, in vitro, the receptor protein purified on the 
cholinergic column. This last result agrees with some 
of those reported independently by Patrick and 
Lindstrdm [6] after immunization against a protein 
purified with a column of N@ naja o-toxin coupled 
to Sepharose. 
2. Materials and methods 
2.1. Crude extracts of cholinergic receptor protein 
Detergent extraction of the acetylcholine receptor 
(AcChR) protein from Electrophoncs electricus was 
performed by the method of Olsen et al. [I] ; that 
from Torpedo in the following manner: 5 g of frozen 
electric tissue of Torpedo marmorata was homoge- 
nized in 10 ml of 0.16 M NaCl, 5 mM KCI, 2 mM 
MgC12, 2 mM CaCl,, 2.5 mM phosphate-buffer, pH 
7.0 (Ringer’s solution) with a Polytron homogenizer 
at power setting 6 for about 20 set and the homogen- 
ate centrifuged at 20 OOOg for 10 min in a Spinco 30 
rotor. The resulting pellet was resuspended in 2 ml of 
buffer containing 0.1 M NaC1, 0.1 M Tris-HCI, pH 
7.4,0.02% (w:v) Na-azide, and 1% Triton X-100, and 
stirred gently at 4’C overnight. After extraction, the 
mixture was centrifuged for 60 min at 100 000 g 
(30 000 rpm in a Spinco 30 rotor), and the superna- 
tant used for the immunoprecipitation experiment. A 
crude extract from chick embryonic muscle was ob- 
tained by homogenization of 10 lyophilized leg mus- 
cles from 13 days-old chick embryos in 10 ml of eel 
Ringer’s solution, washing, extracting, and centrifuging 
in the same way as in the case of Torpedo. The crude ex- 
tracts thus obtained contained in typical cases 140,480, 
and 8.4 pmol/ml of [3H]ar-toxin binding sites, and 4.1, 
2.6 and 4.0 mg proteins/ml for Electrophorus, 
Torpedo, and chick embryo muscle, respectively. 
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Fig. 1. Effect of anti-AcChR serum on the change of mem- 
brane potential caused by bath application of carbamylcholine 
[ 131 on the isolated electroplax from Electrophorus. 
2.2. Purification of the cholinergic receptor from 
Electrophorus 
The receptor protein was purified from 1% Triton 
X-l 00 extracts of frozen electric organs by an affinity 
column with a cholinergic arm following the method 
described by Olsen et al. [l] . After the column, the 
protein was further purified by centrifugation in a su- 
crose density gradient in the presence of 0.5% Na cho- 
late [7] . The preparation of receptor protein used for 
immunization had a specific activity of 4000 nmoles 
of [3H]a-toxin binding sites (measured by the 
Millipore filtration assay [l] ) per g protein (measured 
by the method of Lowry with Folin reagent). 
2.3. Immunization 
0.4 ml of the receptor protein solution containing 
0.5% Na-cholate (1 mg protein/ml) was emulsified 
with an equal volume (0.4 ml) of Freund’s complete 
adjuvant , and injected into a rabbit subcutaneously at 
several spots in the back. Sixteen days later the rabbit 
received a second similar injection. Three days after 
the booster, the rabbit developed the flaccid paralysis 
described by Patrick and LindstrQm [6] and was im- 
mediately sacrificed. 
2.4. Immunoprecipitation 
In the case of Electrophorus and Torpedo, 10 ~1 
of 1% Triton X-100,0.1 M NaCl, 0.1 M Tris-HCl, pH 
7.4 and 0.02% Na-azide, containing appropriate 
amounts of receptor protein from a crude extract or 
a purified preparation was mixed with 10 ~1 of rabbit 
anti-AcChR serum appropriately diluted with a rabbit 
normal serum. When the chick-embryo muscle was 
tested, 50 ~1 of crude extract instead of 10 ~1 was di- 
rectly used. The mixture was incubated for 20 hr at 
room temp., and then centrifuged with a Beckman 
Microfuge Model 152 for 15 min. The supernatant 
was assayed for [ 3 HI a-toxin binding [ 1 ] . 
Different conditions of the incubation for the anti- 
gen-antibody reaction were tried; for example, incu- 
bation for 24 hr at room temp. followed by 3 days in- 
cubation at 4”C, but no significant differences in the 
precipitation curves were noticed. 
2.5. Electrophysiological experiments 
The single electroplax was dissected by the method 
of Schoffeniels and Nachmansohn [8] , cholinergic 
agents were bath applied to the innervated face of the 
cell and membrane potential recorded with intracellu- 
lar KCl-filled microelectrodes. 
3. Results 
Three days after the booster injection of purified 
AcChR from Electrophorus the three rabbits injected 
developed a flaccid paralysis. Two of them died, the 
third one was killed and its serum studied. A similar 
phenomenon was observed independently by Patrick 
and Lindstrbm [6] with a preparation of AcChR puri- 
fied on a column of iVaja naja a-toxin and was inter- 
preted by them as an autoimmune reaction to 
Electrophorus receptor protein. 
Fig. 1 shows the effect of anti-AcChR serum on 
the response of Electrophonts electroplax to bath 
applied carbamylcholine. The innervated face was ex- 
posed for 20 min to a lo-fold dilution of serum in 
Ringer’s solution; the membrane potential did not 
change; then the cell was rinsed for 10 min and the 
response to carbamylcholine was tested. When the 
serum came from an immunized rabbit the depolarisa- 
tion caused by carbamylcholine was reduced by about 
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Fig. 2. Ouchterlony double diffusion in 1.2% agar gel and 
0.025 M veronal buffer, pH 8.2. 1) anti-AcChR serum; 
2) crude extract from ~&c~ro~hor~s; 3) purified AcChR from 
Electrophorus (about 1 mg/ml); 4) crude fraction unbound 
by the affinity column. In 2,3 and 4, preparations are in 0.1 
M NaCl, 0.1 M Tris-HCl buffer, pH 7.4, 0.02% NaNs and 1% 
Triton X-l 00. Holes 2 and 4 were filled three times with the 
solutions. The concentration of AcChR in the crude extract 
(no. 2) was close to the threshold value for the formation of 
a visible precipitate; its presence is revealed by the asymmet- 
rical deviation induced in the pattern of the precipitation line. 
70%, when it came from a normal rabbit, the effect 
was negligible. Little if any recovery occurred after 
extensive rinsing of the ceil with physiological solu- 
tion (less than 10% after 1 hr). Increasing anti-AcChR 
serum concentrations (up to l/3 dilution) and expo- 
sure for longer periods of time did not markedly 
change the amplitude of the block. Analysis of the 
dose-response curve to carbamylcholine after expo- 
sure to the anti-AcChR serum showed both a de- 
crease of the maximal response and a slight increase 
of the apparent dissociation constant. 
The antiserum was tested in vitro against the puri- 
fied receptor protein by the double diffusion method 
of Ouchterlony. Fig. 2 shows that a single precipita- 
tion band occurs between anti-AcChR serum and eel 
purified receptor (specific activity 2400 nmoie/g pro- 
tein). In the case of the figure, the gel did not contain 
any detergent. When the gel contained 1% Triton X- 
100 essentially no difference was observed, except 
that the optimum concentration of AcChR which 
gave the sharpest precipitation band was a little lower. 
A slight precipitation band was also noticed be- 
tween anti-AcChR serum and crude extract but not 
between serum and the crude fraction unbound by 
the affinity column. 
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Fig. 3. Quantitative precipitation reaction of various prepara- 
tions of cholinergic receptor with the anti-AcChR serum. 
100% on the ordinate axis corresponds to 0.74 pmole [3H]a- 
toxin binding sites. The actual amounts of receptor at the ini- 
tial points were 0.74,0.31,0.70 and 0.46 pmole for the puri- 
fied AcCbR, crude extracts from eel, Torpedo, and chick em- 
bryonic muscle, respectively, and normalized to 0.74 pmole. 
To a given amount of AcChR, the indicated amount of anti- 
AcChR serum diluted in 10 ~1 of normal serum was added. 
For the two points over 10 gl serum, indicated amounts 
(after the normal~ation) of the anti-AcChR serum were di- 
rectly added. 
The anti-AcChR serum was further characterized 
by the qu~titative precipit~ reaction (fig. 3). In- 
creasing amounts of the anti-AcChR serum were added 
to a constant amount of AcChR, and after overnight 
incubation at room temp. the mixture was centri- 
fuged and the supernatant assayed for [3H]a-toxin 
binding. Fig. 3 shows the results obtained with puri- 
tied eel AcChR (specific activity 2400 nmoles/g pro- 
tein) and crude extracts from Torpedo and chick em- 
bryonic muscle. The anti-AcChR serum precipitates 
alI the toxin binding component from a preparation 
of purified eel AcChR. The same experiment done 
with crude extracts from E~ec~ro~ho~~ electric tissue 
yielded the same results and in both cases almost ex- 
actly the same amount of serum was needed to pre- 
cipitate the same quantity of toxin binding material 
(table 1). Therefore, the component which binds 
N. nigricollis a-toxin in crude extract cannot be dis- 
tinguished immunologically from purified AcChR. 
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Table 1 
Preparation of cholinergic receptor Antigen precipitated 
at equivalence by 
anti-eel AcChR 
serum* 
Purified AcChR from Electrophorus 0.89 + 0.08 
Complex a-toxin purified AcChR 
(Hectrophorus) 0.35 f 0.08 
Crude extract from Elecrrophorus 0.87 + 0.05 
Crude extract from Torpedo 0.14 F 0.02 
Crude extract from chick embryonic 
muscle 0.10 t 0.03 
* Unit: nmol of [3H]ot-toxin binding site precipitated by 1 
ml of antiserum. 
The anti-AcChR serum directed against eel recep- 
tor also precipitates the toxin binding component 
present in crude extracts of Torpedo electric tissue 
and chick embryonic muscle. The efficiency of precip- 
itation as measured by the quantity of toxin binding 
material precipitated at equivalence by 1 ml of anti- 
AcChR serum is smaller with the hetero~ogous anti- 
gens (table 1). 
The specificity of the interaction between purified 
eel AcChR and the homologous antibody was studied 
by examining the precipitin reaction in the presence 
and absence of cholinergic effecters or a-toxin. De- 
camethonium (2.5 X 10V3 M) and d-tubocurarine 
(2.5 X 10V4 M) do not change the precipitation curve. 
However, precipitation of the complex [3H]cu-toxin 
and receptor, after separation from unbound o-toxin 
by Sephadex G-50 filtration, requires, at equivalence, 
a much larger quantity of anti-AcChR serum than the 
free receptor (table 1). Binding of the o-toxin there- 
fore interferes with the reaction of the anti-AcChR 
antibodies with their homologous antigenic protein. 
Antibodies [9-IO] directed against the globular 
forms of acetylcholinesterase purified by the methods 
of either Leuzinger and Baker [ 111 or Massouli6 et al. 
[ 121 do not precipitate the choline@ receptor pro- 
tein prepared from the same tissue. Conversely, the 
anti-AcChR serum shows little reaction with acetylcho- 
linesterase. The slight precipitation observed is associ- 
ated with a small fraction of antibodies pecific to 
acetylcholinesterase pr sent in anti-AcChR serum 
(less than 1% of the anti-A&&R ~tibodies) and 
raised in the rabbit by the enzyme present in the prep- 
aration of receptor protein (less than 1 catalytic site 
of acetylcholinesterase per100 [3H]a-toxin binding 
sites [l] ). Therefore under the present experimental 
conditions, no cross reaction was evident between 
cholinergic receptor protein and acetylcholinesterase. 
4. Discussion 
The ~tibodies directed against the toxin binding 
protein purified on a column with cholinergic arm 
block the response of the electropiax to bath applied 
c~bamylchol~e. This protein therefore participates 
directly in the electrogenic action of acetylcholine; it
is without ambiguity the cholinergic receptor protein, 
The purified protein binds ~arb~ylchol~e in vitro 
with a dissociation constant close to 2 X 10M6 M [7] ; 
nevertheless, the same molecule mediates, in viva, the 
response to the same agonist with an “apparent” dis- 
sociation constant of 4 X lop5 M [ 131 .
Since direct application of serum blocks the cell 
response, the receptor protein must be exposed, at 
least in part, on the surface of the cell membrane; 
studies by freeze etching of receptor ich membrane 
fragments from Torpedo lead to the same conclusion 
P41. 
The serum directed against the purified receptor 
protein precipitates quantitatively the toxin binding 
material present in crude extracts. Thus, purification 
by affinity chromatography does not cause a marked 
alteration or loss of a major component which would 
modify the irnmunoreactivity of the receptor protein. 
The antibodies against eel cholinergic receptor 
cross react with nicotinic receptors from groups as 
distant as elasmobranchs, bony fishes and birds but 
no cross reaction occurs with a closely related mem- 
brane protein: acety~cho~esterase. This exceptional 
stability for the receptor structure in the course of 
vertebrate volution might be relevant o its critical 
function for the survival of the organism. 
The fact that the o-toxin partially interferes with 
the interaction antibody-AcChR suggests hat some 
of the antibodies present in the serum binds to an 
antigenic site on the AcChR molecule which is part 
of, or close to, the a-toxin binding site. Others should 
be directed against different parts of the protein and 
might be used to map the surfaces of the receptor 
protein occluded in the membrane phase. 
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